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A DEVICE FOR GRASPING 
OR CUTTING AN OBJECT 

This invention relates to a device and to a method of grasping or cutting an object. 

Many devices which are used commonly for grasping or cutting objects have two 
elements which can be moved towards one another and away from one another. The 
elements have surfaces which may be blunt or sharp so that an object positioned between 
them may be either grasped or cut when the elements are moved towards one another. 
Examples of such devices include tongs, tweezers, forceps, scissors, guillotines, and wire 
■cutters. 

The elements of such devices are generally rigid, and are moved relative to one 
anotherpivotally. The combined requirements that the elements be rigid and capable of 
pivotal movement can preclude their use in situations where there is a fimited amount of 
space. Furthermore. It can be difficult to manipulate such devices remotely or at angles. 
These factors tend to make it difficult to use such devices within the body of an animal or 
human undergoing surgery, especially during less imrasive surgical techniques, such as 
arthroscopy, endoscopy and laproscopy. During such surgery, it may be necessary to grasp 

and move tissue, for example.toexpose an underiying site, ortocut diseased or damaged 

tissue. 

In these less invasive surgical procedures, elongate housings have been developed 
to position,the instrument or device into the body through a minimal incision. Example of 
such devices are disclosed in U.S. Patents Nos. 3.404,677 to Springer. 3.491.747 to 
Robinson. 4.218.821 to Schneider. 4.423.729 to Gray. 4.612.708 to Hattori. 4.656.999 to 
Store. 4,678.459 to Onik. 4.768305 to Okada et ai. and Gemian Patents Nos. 1.266.446 to 
Rscher and 3.732.236 to Baumgart 

It has now been discovered that one or more elements of such grasping or cutting 
devices can be fomied from a pseudoeiastic material, such as a shape memory altay, which is 
capable of being greatly defomied without pemianent defomHtion. to provide an improved 
device that can be more readily used In appications in which there is a limited amount of 
space. Furthemnore. the device can be operated remotely or at angles more conveniently 
than previously used devices. 
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h has been proposed to make medical devices from pseudoelastic materials, but such 
prior art devices typically do not have elements which are splayed apart and then moved 
toward one another in the manner necessary in grasping or cutting devices, such as scissors.' 
Descriptions of medical devices made from pseudoelastic materials can be found in U.S, 
Patents Nos. 4.61 6.656 to Nicholson et al. 4.66S.906 to Jervfs. 4,898.156 to Gattuma et al. 

4.899.743 to Nicholson et al and 4.926,860 to Slice et al. the disotosurBS of which ^ 
incorporated herein by reference. 



In one aspect, the present invention provides a device for grasping or cutting an 
object yvhicti comprises at least two etongate elements, positioned alongside one another, 
each having a body portion and an end portion, the end portions of the elements: 

(i) being capable of being splayed outwardly apart fiom one anotherwhen free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that fe placed behveen them; and 

ijS) being capable of be^ moved inwanlly towards one another to grasp or cut said 
object; 

wherein a portion of at least one of the elements is fonned from a material which exhibits 
pseudoelasticity vrtien deformed under an appDed stress. 

Another aspect of this invention comprises a device for grasping or cutting an object 
whid) comprises 



(a) at least two etongate elements, positioned alongside one another, each 
having a body portion and an end portfon, the end portions of the elements: 

p) being capable of being splayed outwardly apart from one anotherwhen free of 
transverse constraint and presenting grasping or cutting surfaces to an ob|ect 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut said 
object; and 
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(b) actuating means; 

wherein a portion of at least one of the elements or said actuating means is formed from a 
material which exhibits pseudoelaslicity when defonned under an applied stress. 

Yet another aspect of this invention oon^jrises a device for grasping or cutting an 
object which comprises 

(a) a elongate hollow component; 

(a) at least two ebngate elements, at least part of which are positioned vwthin 
said component, said elements being positioned alongside one another, each having a body 
portion and an end portion, the end portions of the elements: 

0) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut 
said object; 

wherein the elements and the component are longitudinally sBdable relative to one another 
so that at least the end portions of the elements can be slid Into and out of said component 
and wherein a portion of at least one of the elements Is fonned from a material which exhlWts 
pseudoelasficity when defomied under an appUed stress and is pseudoelastlcafly defonned 
when positioned within the component. 

A further aspect of this invention comprises a method of grasping or cutting an object, 
which conprises: 

i. providing a device as described above; 

0. positioning the object between splayed apart end portions of the elements; 
and 
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a causing said end porttons to nwve towart one another 80 as to 
sdd object. 

■me pseudoelastic material is prsferabiy a sliape memwy aOoy. such as a 
nidtel/titanium-based alloy. 

The de\ic8 of this invenlton comprises a hoOow etongate component and two 
elongate elements. Prefefably. hollow component Is tubular. This has ttie advantage that the 
device can be operated remotely. 

The material of the hollow component may be polymeric. It may be reinforced, for 
example, with fibers, to enable it to withstand the forces exerted on it by the elements while 
they are constrained within and defomied inwardly by the component A suitable polymeric 
material for the component is. for example, polytetrafiuoroethylene. reinforced with braided 
fibers. Altemativeiy. the material of the hollow component may be metallc, for example 
stainless steeL A prefened hollow component is an elongate tube, preferably fonned from 
stainless steel. TTie etongate holtow component can be, for example, a tubular housing, 
cannula, catheter or sheath. 

The hollow component may be circular in cross-secfion which can have the advantege 
that it penrtts defonnation of the elements substantialiy unifonnly in all directions. Other cross- 
sections may be preferable in some situations. For example, it can be advantageous to use a 
holtow component which has the same shape in cross-section as the elements which are 
recehred wttMn it. to minimis twisting of the etements lelathre to one another. 

Generally, the elements aie at least partially fonned from a pseudoelasHc material, 
such as a shape memory alloy, which is capable of being elasBcally defomied. by as much'as 
10%, or more depending on the material selected. As discussed above, the device of the 
Invention has the advantage that, by use of elements fonned at least partially from a 
pseudoelasHc material,which can be defomied. it can be used in appncations in which there is 
a limited amount of space. Furthemtore, the device can be operated remotely or at an angle 
more conveniently than mariy previously used devtees. 
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In certain embodiments of the invention, at least one of the end portions of the 
elements is fonrod from a pseudoelastic material, preferably a shape memory alby. and that 
end portion has a ojrved configuration when not constrained and Is deformed into a 
straightened configuration when within the hollow component. The term "straightened 
confipjration'' means that the configuration of the element Is straighter when defonned than It 
Is when the element Is not deformed. When the end portion of the element (or end portions 
of the elements if both are of pseudoelastic material) is extruded from the hollow component it. 
is no longer constrained and reverts or recovers to its curved configuration thereby splaying 
away from the other element. When the end portion Is withdrawn bade into the hollow 
component, or the hollow component is drawn over the end portion, it moves toward the 
other end portion grasf^ng or cutting any object placed between them. 

In some embodiments of the Invention, the end portions of the elongate elements 
are formed from a shape rnem>ry altoy and are deformed into a straightened confi^ration 
when within the component and cun^e at an angle to the end of the component when 
extended therefrom. In certain other embodiments in which the end portlor^ of the elongate 
elements are formed from a shape memory alloy, they are deformed into a cun/ed 
configuration when vwthin the component and are substantially straight when extoided from 
the component. In still other embodiments, the body portion of one or both of the elements, 
is formed from a shape menwry alloy and the body portion of the element becomes curved on 
exiting the component, thereby splaying the end away from the other end portion. 

In any embodiment, an actuating means, which may be formed from a shape memory 
alloy, can be provided to splay the end portions apart from one another and/or to move them 
toward one another and/or, to rotate the elements with respect to the housing and/or slide the 
elements with respect to the hollow component. In such embodiments, it is not necessary for 
the elements to t)e formed from a pseudoelastic material. 

At least a portion of at least one, preferably each, of the elements is formed from a 
shape memory alloy which exhibits pseudoelasticity when deformed under an affiled stress. 
The use of a shape memory whidi exhft»ts pseudoeiasUdty has the advantage that the 
amount of elastic defomnatibn that is available is lari^ oorrpared with that avsulable from n^ 
other materials. In certain prefen'ed emt)odlments, the end portion of one or both of the 
elements is formed from a shape memory alloy. In other embodiments, a sedfion of the body 
portbn of one or both of the elements is formed from a shape memory alloy. The large 



wo 91/02493 



6 



PCrAJS90/04624 



amount of elastic deformation of the elements allows the device to t>e used to grasp or cut 
large objects, while ensuring also that the device has a small transverse dimension when the 
elements are defonned inwardly, allov^ng the device to pass through small ^ces. 

The property of pseudoelastictty of certain shape memory alloys, whldi preferably Is 
used in the device of this invention, is the subject of a paper presented by T. W. Duerig .and 
G. R. Zadno at the International meetir^ of the Materials Research Society in Tokyo in June 
1988. As discussed In the paper, the disclosure of which is incorporated herein by reference, 
certain alloys are capable of exhibiting pseudoelastlcity of two types. •Non-6near 
pseudoelasticity 'arises in appropriately treated alloys whfle they are in their austenitic phase 
at a temperahjre which is greater than 1^$ and less than Md (Ms is the temperature at which, 
when a shape memory alloy in its austenitic phase is cooled, the transfomiation to the 
martensitic phase begins, and Md is the maximum temperature at which the transfomalion to 
the martensitic phase can be induced by the aw)ncation of stress), ft is generally required that 
the alloy be annealed at a temperature which is less than the temperature at which the alloy is 
fully recrystalfized. An article fonned from an alloy which exhibits non-Gnear pseudoelastidty 
can be defonned substantially reversibly by 8% or more. In contrast, "Unear pseudoelastlcity" 
Is beOeved not to be accompanied fay a phase change. It is exhibfted by shape memory alloys 
which have been cold worked while in the martensitic phase, but have not been annealed in 
the manner discussed above. An article formed from an altoy which exhibits Bnear 
pseudoelastlcity can be defonned substantially reversibly by about 4%. 

While the alloy that is used in the device of this invention may exhibit either of the 
extreme types of pseudoelastidty, or pseudoelastidty of an intennedlate type, it is generally 
pref emed that it exhll»t non-Dnear pseudoelastlcity because of the large amount of elastic 
defonnation that is available, and also because the effective elastic modulijs which is 
characteristic of such defonnation is lower, giving rise to tiie advantages discussed above. 

•Non-Onear pseudoelasfic properties may be confen-ed on an arficle by anneaDng at a 
temperature betow that at which the alloy is fully recrystalfized. The elements may be provided 
with a desired configuration by holding the amis in that configuration during the annealing 
step. 
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A method of treating shape memory alloys to enhance their pseudoelast'c properties 
can be found in U.S. Patent No. 4,935.068 to Duerig, the disclosure of which is incorporated 
herein by reference. 

The material of the elements win be selected according to the characteristics desired 
of them. For some applications, materials such as ^ring steel arKJ beryffium copper alloys may 
be sui^le. When a shape memory aOoy is used, it is preferably a rtickel ttarfium based aitoy, 
which may include additional elements which might affect the yield strer^ that is available 
from the alloy or the temperahjre at which particular desired pseudoeiastic characteristics are 
obtained. For example, the alloy may be a binary afloy consisting essentially of nickel and 
titanium, for example 50.8 atomic percent nickel and 49.2 atomic percent titanium, or it may 
Include a quantity of a third element such as vanadium, chrontium or iron. Afioys consisting 
essentially of nickel, fitartium and vanadium, such as disctosed in US-4505767. are particulariy 
prefened for some appfications, particulariy since they can exhibit non-Onear pseudoeiastic 
properties at or around body temperatures. Copper based albys may also be used, for 
example altoys consisting essentially of copper, aluminum and nickel, copper, aluminum and 
zinc, and copper and zinc. 

The end and body portions of the etongate elements may be fomned from the same 
material, for example. both may be fomied from a shape memory alloy, for convenience. 
Frequently, however, it may be preferable to use different materials because of the different 
funcfions that the end and body portions might have to sen^e. For example, the end portions 
may be of stainless steel or the Gke to provide a sharp cutting edge or a cutting edge of 
stainless steel may be provided on a part of end portions fomred from a sharp memory aBoy. 
The cross-sections of the end and body portions will generally be cfifferent. although this 
need not necessarily be the case. For example, the end portions may be rectangular to 
present a grasping surface or triangular to present a cutting surface, and the body portions 
may be rectangular for rigidity. 

In some enrtwdiments. the end portions of the elements are pivotal^ connected to 
one another towards their free ends. This minlmzes the possiblBty of an object to be cut 
becoming distocated from the cutting device before it is cut. The device may then be used to 
move an object once it has been positioned between the elements. This can also be 
achieved when the elements are not joined together at their free ends, but with less control in 
some situations. When the elements are not connected directly at their free ends, they may 
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be connected by a flexible component which extends between the end portions of the 
elements so as. together with the end portions of the elements, to fbrni a closed loop. 
Leaving the elements unattached at.their free ends can facilitate positioning the device so 
that the object is tocated between the elements. 

The end portions of the elements may be provided with a cutting edge of a material 
otherthan a shape memoiy alloy. The cutting e<^ may be inlaid in the end portion or can 
extend from the end portion of the device. 

Preferably the body portions of the elements are attached to one another. TWs can 
fadfitate nanipulation of the two elements. For example, the elements may be attached to 
one another bf adhesive material or by fasteners such as screws or rivets, or the elements 
may be fonned as a single body of material. Alternatively, the elemerrts may be attached to an 
elongate men*er by which they are moved lor^itudinally relative to the hollow conponent. 
For exanple. such a member be hollow, at lea^ at its end, and the elements may be 
received within the member. 

The elongate elements may be sj^nmetrical when they are splsyed outwardly apart, 
and preferably also when deformed inwardly. However, for some applications, it might be 
appropriate for the elements not to be symmetrical, or for the elements not to be deformed 
symmetrically (for example only one of the elements might be defonned). or both. 

The cutting surfaces of ttie elements may abut one another in the manner of wire 
cutters, or they may cross one anottier in ttie manner of sheare. The grasping surfaces of the 
elements may abut one another and be suffidettf ly blunt to avoid cuffing ttie object to be 
grasped. Altemafively, the ffasfit^ surfaces need not be configured so as to contact each 
other in the manner of cutting devices. The object being grasped need merely be entrapped 
between the end portions of the elements. The grasping surfaces may be ridged or contain 
protut)erances to assist in grasping the object. 

In certain embodiments, an object may be grasped or cut using ttie device of Uie 
Inventton by bringing togetfier ttie device and the object while the elements are positioned at 
least partially within the component, and by ttien moving the hollow component and ttie 
elements longitudinafly relafive to one anottier, so that the end portions of the elements 
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extend from the object and become splayed outwardly. The object can then be positioned 
between the elements to be grasped or cut in accordance with the method described above. 

In other embodiments, the end portions of the elements do not splay apart from one 
arwtherdueto pseudoelasllclty. In such embodiments, the device is provided with means for 
actuafing the end portions of the elements, illustrative actuating means are described more 
fully below with reference to the drawings and include rack and pinion means, pin and slot 
means, four-bar Inlages and the Bke. In certain embodiments, the actuating means may be 
pseudoelastic. 

The device win be particulariy useful in appTications in which access to an object to be 
cut or grasped is restricted, for example in medical applications in which the object to be cut or 
grasped is a part of a human or animal body, in this appGcation, the elongate elements may be 
positioned in the body by means of a hollow component in the from of a cannula,catheter or 
sheath introduced, for example, through an opening into a body cart^. 

Ttie device may be arranged so that the axis on which the elements cut the object is 
not coaxial with the axis of at least a significant portion of the holtow component. This may be 
arranged, for example, by providing the elements with a suitable bend. The elements may be 
deformed from their bent configuration towards their straight configuration, and held in the 
straight oonfiguratton, by the hollow component wMIe they are within it. Alternatively, it may be 
arranged by use of a hoBow component which is bent towards the end from which the 
elements exterKl. 

The device may also be useful in the assembly of mechanical, electrical or other 
equipment, for example by means of robots. 

The invention will be better understood with ref erence to the accompanying 
drawings, in which: 

Figure 1 is an isometric view of a cutting device of the invenflon; 



Rgures 2 (a) to (c) are cross-sections through the device shown in Rgure 1, taicen at 
fines A-A. B-B and C-C respectively; 
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Figures 3 (a) to (e) are elevationai uews of a first ertoodiment of the artfing device 
shown in Figure 1 at various stages during a cutbi^ opeiatran; and 

Rgures 4 (a) to (c) are elevationai views, paftially in section, of another embodinient of 
cutting dewce at various stages durii^ a cuttir^ operation. 

Figures 5 (a) to (e) illustrate an embodiment of a device in accordance with this 
invention in which the end portions and body portiorjs of the elongate elemerrts are integral 
and are moved by a lotationai actuator made of a material other than a pseudoelastic material. 

Rgures 6 (a) to (e) Diustiate representafive cross sections of end portions of the 
etements ad^ed to grasp or cut an object. 

Rgures 7 (a) to (e) illustrate various actuating means which function to cause the 
elements to splay apart and come together and. optionally, rotate the elements, and/or 
withdraw the elements into or out of the holtow component. 

n^ires 8 IHtetrates an embbciment of the device of this invention in which the end 
portions are curved when at least partially unconstrained and pinned together pivotally at their 
tips. 

Rgure 9 demonstrates a method of using a gra^ng device of this invention. 

F^re 10 (a) to (c) illustrate an embodiment of the device of this inventton in which 
the elements are splayed and in which the body portions of the elements are bent when the 
elements are unconstrained. 

Figure 1 1 (a) and (b) illustrate a device of this invention in which the elements have 
end portions beyond a pivot point, and in which the body portions of the elements are of 
pseudoelastic material and when unconstrained are bent to splay the end portions and 
position them at a desired angle with respect to the hollow component. The body portions act 
as actuating means to open and close the end portions of the elements to grasp or cut an 
object. 
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Figure 12 illustrates a device similar to the device in Rgure 11(b) , but in wlifch the 
body portions of tt)e elements are made of a pseudoelastic material and have a bend of about 

figures 1 and 2 show a culfing or grasping device which comprises two elongate 
elements 1 and 3. each having a body portion 5 and an end portion 7. The end portions are 
joined together Fxvotally at their free ends by a pin 9. The end portions preferably have a 
triangular cross-sedion. where the apex of the triangle provides a cutUr^ surface 10. 
Alternatively, any flat cross-sectional area may present a grasping surface. Other possible 
cross-seciional areas are illustrated in Figures 6(a) to (e). 

The elongate elements are preferably fonned from a shape memory alloy which has 
been treated so that It exhaiite pseudoelastidty in the temperature range between ambient 
temperature and a tenqierature above body temperature. 

Elongate elements 1 and 3 are boated within an elongate housing 1 1 within which 
they can sfide longitudinally, the houang preferably being a stiff tubular sheath. The elongate 
elements can be extended beyond the end of housing 11 by long'rtutfinaBy moving them 
relative to houang 1 1 via any suitable manually operated mechanism. 

Rgure 3 (a) shows the cutting or grasping device with elongate elements 1 and 3 
iBsWcted conpletely within housing li. which hohjs the elongate elements in a defonned 
oonfiguraUon inwardly towards one another. The housing is positioned as desired relative to 
an object to be cut while the elongate elements are in this configuration. Once so positioned, 
the end portions 7 of the elongate elements are caused to extend from the housing, by 
relative movement of the elements and the housing. Once released from the transverse 
constraint imposed by the housing, end portions 7 of the elements splay ouhvanjly apart, as 
shown in Rgure 3 (b), allowing an object 15 to be positioned between them, as shown In 
Rgure 3(c). Figure.2 shows the cross-sectional configurations of elongate elements 1 and 3 
at positions A-A. B-B, aind C-C of Figure 1. which inustrates the elongate elements splayed 
apart. 

Object 15 is caused to engage the cutting surfaces 10 of elongate elements 1 and 3. 
Relative longitudinal movement of the ebngate elements and the housing will force at least 
parts Of the ebrgate elements together, thereto cuttir^ the object, as shown in Rgures 3 (d) 
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and 3 (e). If desired, object 15 can be moved by hokfir^ the housir^ and moving the 
elongate elements. If it is desired not to move object 15, the elongate elements are held 
fixed and the housing Is moved. Once object 15 has been cut, the elongate elements are 
retracted into the housir^ for removal of the device from the site of the cutUrg operation. 

The end portions 7 of elongate elements 1 and 3 may represent sections of spherical 
surfaces to fadfitate the splaying and cutting. End portions 7 may be used to grasp, instead of 
cutting, tissues. The grasping function would be fadBtated if end portions 7 do not have 
cutting surfaces 10. aiKf If end portions 7 are not fully. retracted into housing 1 1 . Furthennore, 
the splaying acfion of elongate elements 1 and 3 may be ufifized to separate tissues. 

Rgure 4 shows a device w^ich comprises two eior^ate elements 21 and 23 that are 
preferably fomied from a shape memory aDoy which has been treated so that it exhibits 
pseudoelastic behavior. The elements can sCde longitudinally within a tubular housing 25. 
Figure 4 (a) shows the device with the elongate elements 21 and 23 positioned almost 
entirely within the tubular housing 25. Housing 25 constrains elongate elements 21 and 23 in 
straightened and deformed shapes. 

As elongate elements 21 and 23 are moved bngitucfinaiiy relative to housing 25, the 
elongate elements extend from the end of housing 25. as shown in Rgures 4 (b) and 4 (c). 
As they extend from the end of housing 25, the elongate elements become unconstrained 
and recover toward their preset curved shapes pseudoelaslically. They pseudoelasticaliy 
splay outwardly so that they can receive an object 27 between them. The elongate elements 
may be interconnected indirectly towards their tree ends 29 by a flexible conponent. such as 
a piece of wire 31 . whidi helps to prevent cfislocation of object 27 from between the elongate 
elements. Objeicl 27 Is cut or grasped by relative movement between housing 25 and the 
elongate elements, such that the elongate elements become constrained within the housing, 
generally as described above with reference to Rgure 3. The spls^nng action of elongate 
elements 21 and 23 may also be utilized to separate tissues. 

Rgure 5 (a) illustrates an embodiment of the invention.in which elongate elements 51 
and 52 are substantially planar and straight in their unconstrained shapes, but are located in a 
plane which deviates by an angle e from a plane which includes the axis x-x of a hoDow tube 
53. In this embodiment, elongate elements 51 and 52 are attached to outer tube 53 and 
inner tube 55. respediveiy. as shown In Rgure 5 (b). The proximal end (i.e.. the end opposite 
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the elongate element 52) of inner tut}e 55 Is provided with a groove 58, and Inner tube 55 is 
positioned within outer tube 53. The proximal end of outer tube 53 is provided with a groove 
59, which extends In a cfirection oppoate to groove 58 of Inner tube 55. Plunger 60 is 
provided with a peg 61 . The plur^r Is positioned at the proximal end.of the tubes. The 
proximal ends 58p and 59p of grooves 58 and 59. respectively, are positioned such that they 
overlap and are engaged by peg 61 . When peg 61 engages proximal ends 58p and 59p of 
grooves 58 and 59, elongate elements 51 and 52 are preferably splayed ^rt in the plane 
defined by their respective flat surfaces. When plunger 60 is pushed Into Inner tube 55 in a 
cfistal direction toward the elongate elements, peg 61 engages grooves 58 and 59, cauang 
tubes 53 and 55. and thereby the elongate elements 51 and 52. to rotate In opposite 
directions. Preferentially, this rotation would cause the elongate elements to rotate into a 
more overlapped configuration. The elongate elements can thereby grasp an object placed 
between thera If the elongate elements have cutting edges, they could thereby cut an 
object placed between them. When plunger 60 is wnthdrawn from Inner tube 55 again, peg 
61 could cause tubes 53 and 55 to nutate such that etongate elen^nts 51 and 52 splay apart 
from their overlapped conTiguration. Etongate elements 51 and 52 could thereby be used to 
separate tissues. 

With respect to this embodiment, it should be noted that the angle 0 between 
elongate elements 51 and 52 and tubes 53 and 55 can be any numt>er of degrees desired, 
even 90 degrees. In addition, the elongate elements may be cun^ed, not only within the 
plane generally described by their surfaces, but also out of the plane generally described by 
their surfaces. Furthermore, there may be more than one peg on plunger 60; 
Correspondingly there would be adcfitional grooves in tubies 53 and 55. The grooves may be 
spiralled, and longer, such that elongate elemerits 51 and 52 could be caused to rotate in 
both directions of their overlapped position in one stroke of plunger 60. Finally, grooves 58 
and 59 could be made configured such that elongate elements 51 and 52 could be brought 
to their overlapped configuration by withdrawing plunger 60 in a proximal direction away from 
the elongate elements. 

Rgure 5 (c) shows the attachment of ebngate elements 51 and 52 onto Inner and 
outer tubes 53 and 55, respectively. Etor^ate element 52 is provided with aperture 63 which 
fits over stem 64. which Is integral with or is secured to the distal end of Inner tube 55. The 
length of stem 64 is equal to or less than the thickness of elongate element 52. The cross- 
sectional shapes of aperture 63 and stem 64 are preferably nondrcular, and they may. for 
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example, be square, seirated. notched, etc. Screw 65 and washer 66 fasten elongate 
elenient52toinnertube55. Washer 66 may have a beveled side to accommodate the angle 
0 between the axis x-x of Inner lube 55 ( and tube 53) and the plane of elongate elements 51 
and 52. 



Elongate element 51 is provided with an aperture 68 which fits over stem 69. which is 
integral with or is secured to the distal end of outer tube S3. The length of stem 69 is 
preferably sGghtiy greater than the thickness of elongate element 51. so that rotation of 
elongate element 51 relative to elongate element 52 is not hindered. The cross-secfionai 
shapes Of aperture 68 and stem 69 are preferably nondrcular. and they may. for example, be 
square, serrated, notched, etc. 

Inner tube 55. wrfth attached elongate element 52. fits into outer tube 53. Elongate 
element 51 will be captured between the base of stem 69 and elongate element 52. Outer 
tube 53. with inner tube 55 contained therein, and elongate elements 51 and 52 attached, 
can be Inserted Into a sheath 61. As shown In Figure 5 (d), when elongate elements 51 and 
52 are drawn into sheath 61 (shown in cross^ection). they wiH be deformed In a direction 
moreparaDelloaxIsx-x. TWsdefomralionwil be facilitated if elongate elements 51 and52are 
transversely curved atong their longitudinal dimensions (l.e., trough shaped). Also. If the 
outerdiameterof tube 53 is only slightly smaller than the Inner diameter of sheath ei.the 
dfoumferences of elongate elements 51 and 52 along portions 81 and 83 (I.e.. the ' 
droumferences of elongate elements 51 and 52 around their respective apertiires 68 and S3, 
except for their longitudinaily extended portions), should preferably not extend beyond the 
outer diameter of outer tube 53. When outer tube 53 is extended distally beyond the end of 
sheath 61. elongate elementssi and52 win no longer be constrained, and they will elastically 
recover their preset shapes again. TWs defbnnation and shape recovery is enhanced if the 
Bloi^e elements are made of a pseudoeiastic shape memory alloy. 

Rgure 5 (e) is a bottom view of a possible embodiment of washer 66. Projection 62 
has an outer diameter which is equal to or smaller than the outer diameter of outer tube 53. 
The surface of projection 62 may be rough, or it may even have teeth or protrusions, in order 
to obtain a better grip on elongate element 52. Projection 62 preferably encompasses less 
than half of thedroumferenfialarcofwasher66. The remaining dicumference of washer 66 
has aouterdiameterwhidi is equalto orsmaOerlh^the maximum diameter of the head of 
screw 65. As shown m i^gure 5 (d). projection 62 covere the bade end 67 of elorigate 
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element 52. In this manner, elongate element 51 , and secondarily, elongate element 52, can 
be given as much bending length as possible when they are both constrained within sheath 
61 . The sides 33 and 34 of projection 62 are preferably perpendicular to the axis y-y of 
symmetry of washer 66, where axis y-y is perpendicular to the tongitudinal dimension of 
elongate element 52. This will permit ready bending of elongate element 52 along a zone 
which is perpendicular to its lor^dlnal dimension. 

There may be any suitable means between outer tube 53 and inner tube 55 to 
prevent plunger 60 from pushing inner tube 55 out of outer 53 tube when plunger 60 Is 
pushed in a distal (firection in inner tube 55. In addition, there may be any suitable means 
between outer tube 53 and sheath 61, so that outer tube 53 can not be completely pushed 
out of sheath 61 once elongate elements 51 and 52 are adequately extended out of sheath 
61 and plunger 60 Is used to cause rotation of elongate elements 51 and 52. Plunger 60 can 
be pushed relative to sheath 61 and tubes 53 and 55 by any suitable manually operated 
mechartism. Examples of manually operated mechartisms include sfiders, pistol grip handles, 
scissors handles, and syringe-plunger anrangements. 

While most of the speaftc embodiments are directed to cutting devices. It Is to be 
understood that blunt edges can replace the cutting edges in any of the embodiments. 
Illustrative bKjnt and cutting edges are shown in Figures 6 (a), (b), (c). (d), and (e). The cutting 
and grasping edges may be integral with the elements or may be fomied separately and 
attached thereto. Rgure 6 (a) ISustrates grasping surfaces 71 and 72. Surfaces 71 and 72 
may be flat or they may contain ridges, protrusions or the Eke to aid in grilling an object 
Figure 6 (b) illustrates shearing cutting edges 73 and 74 which cut an object by a shearing 
action. Rgure 6 (c) illustrates another pair of edges for cutting. In Rgure 6 (c), surface 75 is 
flat, while edge 76 provides a sharp edge for cutting an object. Rgure 6 (d) illustrates cutting 
edges 77 and 78. Sharp edges 77 and 78 of the triangular cross-sections meet to pemiit 
cuffing. Rgure 6 (e) illustrates cutting edges 80 and 82. which are at any desired angles a and 
B relafive to the direction of opening and closing of the elongate elements. In all of these 
embodiments, as well as in all of the embodiments described herein, the cutting edges or 
gripping surfaces could be made of any material such as steel, cfiamond. plastic, etc., which is 
- ^ attached to the elongate elements. 

Rgure 7 (a), (b). and (c) illustrate several different means of actuating elongate 
elements. In Rgure 7 (a), elongate elements 150 and 151 are joined together at pivot 152. 
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Abo joined at pivot 152 is one end of a Onkage composed of four bars 153, 154, 155, and 
156, which are pivolally connected to eadi other. Etongale elements 150 and 151 are 
preferably rigidly attached to bars 153 and 154, respectively, Altematwely, bars 153 and 154 
may merely represent extensions of etortgate elements 150 and 151, respecdvely. Pivot 152 
is preferably fixed to a cannula 159. The pivot 157 at the other end of the four-bar Brikage is 
joined to rod 158. When rod 158 is pushed in direction 301. pivot 157 is pushed cbserto 
pm\ 152, This ywl! cause elongate elements 150 and 151 to splay apart. Since the 
transverse dimension of four-bar Onkage 153, 154, 155, and 156 which is perpendicular to 
rod 158 becomes larger as pivot 157 approaches pivot 152, slots 1 60 and 1 61 may be 
provided in cannula 159 to penrtt pivot 157 to epproach closer to phrat 152 if the trarwerse 
cfimension of cannula 159 is small Rod 158 may be pushed (or puUed) relative to cannula 159 
by any suitable manually operated mechanism. Examples of manually operated rrwcharHsms 
include sGders. pistol grip handles, scissors handles, and syringe-plunger anangemerts. 

Elongate elements 150 and 151 may be constrained in defonned and straightened 
sh^ within a sheath 162. This wiD permit compact and relatively atraumatic entry into a 
body. Rod 158 can then be used to pushed axialiy in direction 301 within sheath 162. The 
four-bar finkage 153, 154, 155. and 156 w'll partially extend through stots 160 and 161 in 
canrwia 159, but the Inner surface of sheath 162 will prevent pivot 157 from fully approaching 
pivot 152. Therefore, cannula 159 will be forced to move in cfirection 301 . and etongate 
elements 150 and 151 will extend from the end of sheath 162 in direction 301. In their 
extended position, etongate elements 150 and 151 will not be constrained, and they may 
recover toward their preset curved shape. However, stots 163 and 1 54 are provided in 
sheath 162 to permit rod 158 to push pivot 157 fully toward pivot 152 in order to fully splay 
etongale elements 150 and 151 apart. Slots 1 63 and 164 in sheatti 162 may be made to 
overlap stots 160 and 161 in cannula 159 by simply extending cannula 159 far enough within 
sheath 162. or by extending cannula 159 far enough wthin sheath 162 and then rotating 
sheath 162 relative to cannula 159 to allow the respecfive slots to coincide. Rod 158 may 
then be used to splay or increasingly overlap etongate elemente 150 and 151 as desired. 

Rod 158 can be moved in cfirecfion 302 so that pivot 157 is moved as far away as 
possible from pivot 152. This will cause etongate elements 150 and 151 to be in their most 
overtaw)ed configuration. Moving rod 158 further in cfirection 302 wll cause cannula 159 to 
sGde in direction 302. and will c?ause elements 150 and 151 to be drawn into deformed and 
straightened shapes within sheath 162. This will pemriit the entire assembly to be vinthdrawn 
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from the body in a compaca and relafively atraumatic fashion. The passive member of the 
manually operated mechanism would preferably be mounted to sheath 162. 

In this fashion, the extension and withdrawal of elongate elements 150 and 151 from 
or into sheath 162 can be accomplished by utilizing an expanded strolce of the same manually 
operated mechanism which is used to splay or increasingly overiap elongate element 1 50 
and 151. In this case, a means must be provided to prevent cannula 159 from sliding beyorid 
a certain location within sheath 162 in direction 301 . Also, a means may be provided to 
minimize relative motion between cannula 159 and sheath 162 while the four-bar Inkage is 
being used to repeatedly move elongate elements 150 and 151 toward their splayed or 
overlapped configurations. Furthemiore. the manually operated mechanism would preferably 
penrtt axial rotation of the entire assembly of sheath 162 and its contents relative to the 
manually operated mechanism, so that etongate elements 150 and 151 can be oriented in 
any desired direction relative to the manuaUy operated mechanism. 

In the configuration illustrated in F^ure 7 (a), it win be noted that movement of rod 158 
in direction 301 will tend to splay elongate elements 150 and 151 apart: As described above, 
one method of minimizing this splaying before the device is in the corecl location is to create 
slots in specific locations of sheath 162. in an aKemative method, bars 156 and 155 are 
shorter than bars 153 and 154. and pivot 157 is already positioned as close as possible to 
pivot 152 during placement of the device into a body, (in this configuration, bars 155 and 1 56 
would overiap bars 153 and 154. respediveiy.) Moving rod 158 in direction 301 will then urge 
elongate elements ISO and 151 toward their overiapped configuration, even though the 
elongate elements can be extended beyond the end of sheath 162 by the same motion in 
direction 301 when the sheath is held fixed. Elongate elements 150 and 151 can then be 
splayed apart by moving rod 158 in direction 302. When the device is to be withdrawr. from a 
body, rod 158 is moved further in direction 302. so that pivot 157 is as far as possible from 
pivot 152, where the configuration shown in l^gure 7 (a) would be an intemiediate position. 
Elongate elements 150 and 151 will thereby be urged back toward their overlapped 
configuration. Moving rod 158 even further in direction 302. relative to sheath 162. will pemUt 
withdraw etongate elements 150 and 151 into sheath 162. 

Figure 7 (b) shows an embodiment in whfch elongate elements 150 and 151 have a 
pivot 165 and body portions 166 and 167. respectively. Body portions 168 and 167 have 
stots 168 and 169. respectively. A rod 190 has a peg 191 which is oriented to sHdeably 
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engage slots 168 and 1^. Ryot 165 is fixed to the cannula 192, and slots 168 and 169 are 
preferably oriented so that motion of rod 190 in direction 310 win urge elongate elements 150 
and 151 toward their overlapped configuration, and motion of rod 190 in direction 320 win 
splay elongate elements 150 and 151 ^rt Cannula 192 may be substantially the same as 
cannula 159 shown In Rgure 7 (a). In addition, a sheath 193. which may substantially be the 
same as sheath 162 shown in Rgure 7 (a), can be utiFized. The function and use of the 
embodiment shown in Rgure 7 (b) is then substantially the same as the embodiment shown in 
Rgure 7 (a). 

A variation of the embodiment illustrated in Rgure 7 (b) would Include elorigate 
elements in which the slots are placed distal to the pivot point behveen the elongate 
elements. (That Is. the islots are located between the ph^ot point and the tips of the elongate 
elements). Body portions 166 and 167 as shown in Rgure 7 (b). and slots 160. 161, 163. and 
164 as shown in Rgure 7 (a) may then not be necessary. However, the actuating rod (such as 
rod 190 shown in Rgure 7 (b)), would have to be designed so that it does not interfere with 
the pivot point between the elongate elements. 

Rgure 7 (c) shows another embodiment in which, the elongate elements 150 and 151 
may be made to splay apart or increasingly overtap each other. Ebr^ate elements 150 and 
151 are hinged at pivot 170, which is preferably fixed to a cannula 176. Surrounding pivot 
170, elongate elements 150 and 151 each have a rounded body portion with teeth along 
edges 171 and 172. respectively. The teeth engage the corresponding grooves tocated in 
jaws 173 and 174 of sliding member 175. The degree of splaying or overlapping of etongate 
elements 150 and 151 may be limited by limiting the lengths of edges 171 or 172 which are 
toothed. Additionally, or alternatively, the degree of splaying or overlapping of elongate 
elements 150 and 151 may be BrrAed by Smiting the lengths of the grooved zbnes In jaws 173 
and 174. Sliding member 175 is moved In direction 303 or 305 by any suitable manually 
operated mechartism. Examples of manually operated mechanisms include sliders, pistol grip 
handles, scissors handles, and syringe-plunger arrangements. Elongate elements 150 and 
151 are preferably moved toward their overlapped configuration when sKding member 175 Is 
moved in direction 303 and nroved toward their spiayed apart configuration when sDding 
member 175 is moved in direction 305. However, toothed edges 171 and 172 can be 
tocated on elor^ate elements 150 and 151 such that moving sliding men^r 175 in direction 
303 moves etoiigate elements 150 and 151 toward their splayed configuration and moving 
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sBcfing member 1^ in direcfion 305 moves elongate elements 150 and 151 toward their 
overlapped configur^on. 

Elongate elements 150 and 151 may be constrained In defonned and straightened 
shapes within a sheath 178. This win pemdt compact am relatively atraumatic entry into a 
body. Sliding member 175 can then be moved In direction 303 relative to sheath 178 in order 
to extend elongate elements 150 and 151 fnm the end of the sheath. In the preferred 
mode, this motion will also tend to keep elongate elemenls 150 and 151 in their overlapped 
configuration without splaying these elements apart In the wrong direction. (As described 
above, toothed edges 171 and/or 172 and/or the jaws 173 and/or 174 can be designed to 
prevent splaying in the wrong direction). Etangate elements 150 and 151 can then be 
repeatedly moved toward their splayed configuration or their overiapped configuration by 
movirig sliding member 175 In directions 305 or 303, respectively, and a means may be 
provided to minimize relative motion between cannula 176 and sheath 178 during this 
repetith^e motion. 



Elongate elements 150 and 151 can be wnthdrawn back inside sheath 178 by forcibly 
moving sliding member 175 in direction 305 relative to sheath 178. The end of sheath 178 
win force elongate elements 150 and 151 into their overlapped configuration, as well as 
forcing etongate elements 150 and 151 into straightened and defonned shapes into sheath 
1 78 in order to pemiit the entire assembly to be withdrawn from a body in a compact and 
relatively atraumatic fashion. Mematwely, sheath 178 can be extended over elongate 
elements 150 and 151 to straighten and deform these elements into sheath 178 and to 
permit the entire assembly to be withdrawn from a body in a contact and relatively atraumatic 
fashion. 

If a sheath 178 is utilized, it would preferably be mounted to the passive member of 
the manually operated mechanism. In this fashion, the extension and withdrawal of elongate 
elements 150 and 151 from or into sheath 178 can be accompGshed by utilizing an expanded 
stroke of the same manually operated mechanism which is used to move sTidlng mentoer 175 
in Older to sptey or increasingly overiap etongate elements 150 and 151 . 

When elongate elements 150 and 151 are to be removed and replaced, it would be 
advantageous to move cannula 176 far enough in direction 303 so that pivot 170 is beyond 
the end of sheath 178. Then the pivot pin can lie removed, sBding member 175 can be 
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extended beyond the end of cannula 176. and elor^e elements 150 arel 151 can be 
simply Sid out of jaws 173 and 174 m a direction peqiendicularto the axis of siding member 
175. In addition, in orderto pemiit the elongate elements 150 and 151 to.be oriemed In any 
desired direction relative to the manually operated mechanism, this mechanism would 
preferably perniit axial rotation of the entire assembly of sheath 178 and Its contents relative to 
the actuating mechanism. 

Rgure 7 (d) shows how sGdng member 175 could be configured around a fSvot fixing 
member 185, which has holes 180 and 182. Bongate elements 150 and 151 are rotatably 
mounted on a pin 180. The ends of pin 180 can be placed into holes 181 and 182 when 
sheath 178 is pulled back In direcfion 400. since the ends of sflding member 175 and the 
ends of pivot fixing member 185 can gently splay apait when they are not held within sheath 
178. When sheath 178 is moved bade In direction 401 . elongate elements 150 and 151 win 
be securely held when pin 180 is within sheath 178. The end of pivot fixing memlwr 185 
which has holes 181 and 182 can be fork shaped, f^referably a means is provided which 
minimizes motion of pivot fixing member 185 relative to sheath 178 when sliding member 175 
is uflGzed to repeatedly move elongate elements 150 and ISl.towaid their splayed or 
overlapped configuraGons. Figure 7 (e) shows the device before sheath 178 Is puHed back to 
permit Insertion of etongate elements 150 and 151 . 

In the embodiments described for Figures 7 (a), (b). (c), and (d). the elongate 
elements are preferably made of a pseudoelastic shape memory alloy. Also, in any of the 
embodiments described for Figures 7 (a), (b). (c), and (d). the elongate elements can be used 
for cutting, grasping, and/or separating tissues. The end portions of the etongate elements 
can be fashioned appropriately for any of these functions, or separate appropriately designed 
parts may be attached to the end portions of the etongate elements. 

Figure 8 shows a cutting device, similar to the device shown in Figure 1 , virtth cuwed 
etongate elements 91 and 93 extended from a housing 9Z This pennits the etongate 
elements to be both open for cutfing or grasping and cuived at an angle 94 away from axis 95 
of housing 92. Angle 94 is defined by the axis 95 of housing 92 and the straight fine 96 
created between the point of Intersection of axis 95 with the distal end of housing 92 and the 
pin 99. Angle 94 can be ariy desired angle, even greaterthan 90 degrees, thus pemiittir^ 
cutting or grasping in a direction off axis 95. This provides access to difficult to reach tocaiions 
in the body. Etongate elements 91 and 93 are shaped so that they dicumscribe spherical 
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arcs which aDow the elements to engage each other and perfonn the cutting or grasrung 
function, either as they are retracted back into housing 92. or as housing 92 is extended over 
the etongate elements. The portions of elongate elements 91 and 93 which enter housing 
92 assume a less ojn^ed shape. Since etongate elements 91 and 93 may be made of 
pseudoelastic shape memory alloy, they may attain these less curved shapes by undergoing 
some phase transition from austenrte to stress-induced-martensite. 

Figure 9 shows a device in which elongate elemertts 102 and 106, preferably made of 
pseudoelastic shape memory alloy, are first held constrained In straightened and defomied 
shapes inside a cannula 103. This pemiits compact placement into a body through tissue 
incision or orifice 108. Elongate elements 102 and 106 are then extended out of cannula 

103 by moving elongate elements 102 and 106 In direction 501 relative to cannula 103. 
Since at least part of extended elongate elements 102 and 106 are no longer constrained, 
they will splay apart due to recovery of the pseudoelastic shape memory alloy into its preset 
curved unconstra'ned shapes. Cannula 103 can be then be extended onto elongate 
elements 102 and 106 to force these elements to approach each other. Alternatively, 
etongate elements 102 and 106 can be withdrawn back Into cannula 103 to force these 
elements to approach each other. In either mode, the tips of etongate elements 102 and 106 
can be used to grasp tissue 107 or an object. The grasping function of elongate elements 
102 and 106 can be enhanced by providing the end portions of these elements with bends 

1 04 and 1 05, teeth, or the lilce at their tips. Elongate elements 1 02 and 1 06 may also be 
ribbed or toothed atong their entire lengths. The described mode of action may perniit the 
instmment to be used multiple times in each location. 

The large pseudoelastic deformation of shape memory alloys (up to 10%) pemrtits much wider 
splaying of etongate elements 102 and 106 over a much shorter distance 109 than would be 
po^ible with traditional metals. This permits working in confined ^aces, particularly in 
endoscopic or laparoscopic surgery. A variation of this embodiment may include more than 
two etongate elements. 

Rgures 10 (a), (b), and (c) illustrate three views of another embodiment As etongate 
elements 121 and 123 are extended outside the housing 120, they splay outward cau^ng 
end portions 122 and 124 to separate also. When etor^ate elements 121 and 123 are 
partially vwthdrawn into housing 120, they cause end portions 122 and 124 to approach each 
other. If etongate elements 121 and 123 are further withdrawn into housing 120, the sections 
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I2le and 123e of elongate elements 121 and 123 are forced to defonn into straightened 
shapes in oiderto pass into housing 120. thus causing the direction of orientation of end 
portions 122 and 124 to approach the direction of axis 126 of housing 120. and the angle 
12!5 approaches zero degrees (angle 125 is defined ti/ axis 126 of housing 120 and the 
plane of end portions 122 and 124). Endportions 122 and 124 may also be fcilly or partially 
withdrawn into housing 120. if desired. The straight configuration permits easy removal of the 
instmment from a body in a compact and relatively atraumatic fashion. However, with etongate 
elements 121 and 123 in a completely extended position, angle 125 penults access to 
cfifflcult to reach locations. 

In the embodiments shown in Figures 10 (a), (b), and (c), the body portions of 
elongate elements 121 and 123 are preferably made of pseudoelastic shape memory alloy. 
Alternatively, sections I2le and 123e may be the only parts of elongate 'elements 121 and 
123 which are made of pseudoelastic shape memoiy alloy. End portions 122 and 124 may 
also be made of pseudoelastic shape memoiy alloy, but they could be made of any suitable 
material, even if elements 121 and 123 are made at least in part of pseudoelastic shape 
memory alloy. End portions 122 and 124 may have a cutting function or a grasping function. 
They may also be used to separate tissues. The described mode of action may pennit the 
ihstmment to be used mul&ple times in each locaSon. 

Figures 1 1 (a) and 1 1 (b) show embodiments similar to the embodiments shown in 
Figures 1 and 8. respectively. In Rgures 12 (a) and 12(b). the elongate elements 131 and 

133 extend beyond the pin 139 in order to provide end porfions 134 and 135. End portions 

134 and 135 may be unitary extenstons of elongate elements 131 and 133 or they may be 
separate portions bolted or attached to elongate elements 131 and 133. The action of 
withdrawing etongate elements 131 and 133 into housing m doses anddetonns body 
portions 1 16 and 1 17. and the scissor action is transmitted to end portions 134 and 135. In 
this manner, the body portions of the elongate elements act as the actuating means forthe 
end portions of the elongate elements. Rgure 1 2 (b) illustrates a cuwed vereion of Rgure 11 
(a). The angle 1 12 is defined by the axis 1 13 of housing 1 1 1 and the straight line 1 14 created 
behveenthe point of intersection of axis 113 with the distal end of the housing and pin 139. . 
Angle 1 12 can be any number of degrees, even greater than 90 degrees, thus permitting 
cutting orgraspir^ in a direction off axis 113. TOs provides access to difficult to reach 
tocations within a body. 
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In the embocfiments of Rgures 1 1 (a) and 1 1 (b). body portions 1 16 and 1 17 are 
preferably made of pseudoelastic shape memory alloy. Allemaflvely, only end portions 134 
and 135 may be made of pseudoelastic shape memory alloy, but these end portions could be 
nade of any suitable material, even if. body portions 116 and 117 are made of pseudoelastic 
shape memory alloy. End portions. 134 and 135 may have a cutting function or a grasping 
funclton. They may also be used to s^iarate tissues. The described mode of action may 
pennit the instniment to be used multiple times in eich location. 

Rgure 12 illustrates another embodiment sindlarto the embodimertf shown in Rgure 
1 1 (b). Body portions 141 and 143 of elongate elements 1 18 and 1 19 are used to create 
both a sdssors action through a pinned location 149 and also to provide the ability to direct 
the sdssor action at an angle of about ninety degrees off ttie axis 148 of housing 140. 
Bements 141 and 143 splay apart when they are outside of housing 140. As housing 140 is 
pushed over the body portions 141 and 143 In direction 144. sections I4le and 143e move 
toward one another. This acUon in turn causes the end portions 1 46 and 1 47 to approach 
each other in a scissor fashion by pivoting around pin 149. Because the relathre movement of 
housing 140 in directions 144 and 145 is peipendieularto end portions 146 and 147, the 
position of these end portions is unchanged with respect to the tissue location. After end 
portions 146 and 147 have closed, further withdrawal of elongate elemente 1 18 and 1 19 into 
housing 140 causes sections 141e and 143e to straighten from their curved shapes. This 
permits end portions 146 and 147 to generally aOgn with axis 148 of housing 140. End 
portions 146 and 147 may also be fully or partially withdrawn Into housing 140, if desired. The 
straight corti^ration pennits easy removal of the insbument from a body in a corr?>acl and 
relath«iy atraumatic fashion. 

In the embodiments of Rgure 12, body portions 141 and 143 of elongate elements 
1 18 and 1 19 are preferably made of pseudoelastic shape memory alloy. AltemaHvely. 
sections I4ie and 143e may be the only parts of body portions 141 and 143 which are made 
of pseudoelastic shape memory alloy. End portioris 146 and 147 may also be made of 
pseudoelastic shape memory aBoy. but they could be made of any suitable material, even if 
body portions 141 and 143 are made at least In part of pseudoelastic shape memory alloy. 
End portions 146 and 147 may have a cutting function or a grasping function. They may also 
be used to separate tissues. The described mode of action niay pennit the instrument to be 
used niulfiple times in each location. 
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A variation of the embodiment shown In Figure 12 would have end portions 146 and 
147 In a plane which Is parallel to 3308148, so that pivot 149 is on an axis which is 
perpendicular to axis 148. In this emlxxfimem, moving body portton 141 In direction 144 
and/or moving body portion 143 In direction 145 would tend to ^lay end portions 146 and 
147 apart. Moving body portion 141 in direction 145 and/br moving elenent 143 In direction 
144 would tend to bring end portions 146 and 147 into a more overtapped configuration. In 
this manner, the body portions of the etongate elements act as the actuating means for the 
end portions of the etongate elements. In order to fadDtate the requisite bending In sections 
141 e and 143e, body portions 141 and 143 would preferably be either round or made of flat 
materia] oriented In a plane perpendcular to the plane of end portions 146 and 147. If body 
portions 141 and 143 are made of flat material, they may Include a 90 degree twist in the 
material between sections 141e and 143e and end portions 146 and 147. respectively. 
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WHAT IS CLAIMED IS: 

1 . A device for grasping or cutting an object whicti comprises at least two 
elongate elements, positioned alongside one another, each having a body portion and an 
end portion, the end portions of the elen»nts: 

(i) Iwing capable of Ijeing splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an ot>ject 
10 be grasped or cut that is placed between them; and 

(H) being capable of being moved inwardly towards one another to grasp or cut said 
object; 

wherein a portion of at least one of the elements is fomied from a material which exhibits 
pseudoelastidty when deformed under an appDed stress. 

2. A device for grasping or cutting an object which comprises 

(a) at least two elongate elements, positioned alongside one another, each 
having a body portion and an end portion, the end portions of the elements: 

(1) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

m being capable of being moved inwardly towards one anotherto grasp or cut 
said ot^ct; and 

(b) actuating means: 

Wherein a portion of at least one of the elements or said actuating means is fom«d from a 
material which exhibits pseudoelasticity when defonned under an appOed stress. 
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3. A device for graspirg or cuttirg an objed which corrprises 

(a) a hollow elongate component; and 

(b) a» least two elongate elements, at least part of which are positioned within 
said component, said elements being positioned alongside one another, each having a body 
portion and an end portion, the end portions of the elements: 

{0 being capable of being splayed outwardly apart from one another virtien free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one anotherlo . grasp or cut 
said object; 

wherein the elements and the component are longitudinally sOdabie relative to one another 
so that at least the end portions of the elements can be sGd into and out of said component 
and wherein a portion of at least one of the elements is fom»d from a material which exhibits 
pseudoelasticrty when deformed under an appled stress and is pseudoelastically defom»d 
when positioned mrfthin the component. 

4. A device as claimed in any preceding dalm. wherein the pseudoelasHc 
material is a shape memory alloy. 

5. A device as claimed in daim 3 or daim 4. in which the component is an 
etangate housing, preferably an elongate polymeric or metalfic tube. 

6. . A device as claimed in any preceding daim, in whidi the end portion of at 
least one. preferably both, of the elements is fomied fiom a shape memoiy alloy whidt 
exhiWts pseudoelastidty. 

7. A device as daimed in daim 6. in which at least part of the body portion of at 
least one. preferably both, of the elements Is fonned from a shape memory alloy whidi 
exhiUts pseudoelastidty. 
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8 . A device as claimed in daim 6 or daim 7, wiierein said end portions are 
splayed apart when not deformed wflhin the hoBow conponent and are moved towaid one 
another when drawn into.the hollow component or the hollow component is drawn over said 
end portions. 

9. A device as claimed in daim 6, claim 7 or claim 8, wher^n the end portlon(s). 
fomied from a shape menroiy aOoy are curved at a predetemiined angle with resped to the 
hollow component when said end portions{s) is (are) extruded from the component. 

10. A device as daimed in claim 6, claim 7 orddm 8. whertin the end poitk)n(s), 
formed from a shape memory altoy are straght and at a predetenuined angle with resped to 
the hollow component when said end portions(s) is (are) extnided from the component. 

11. A device as dalimd In daim 3. which further comprises an actuafing means for 
splaying the end porttons of the elements apart from one another, and/or moving said end 
portions towaid one another, and/or sHdng the elements with resped to the hollow 
component, and/or rotating the elements with resped to the hollow component 

1 2. A device as daimed In daim 1 1 , in which said aduaSng means is formed from 
a shape memory alloy. 

1 3. A device as daimed In daim 12. in which at least one of the end portions, 
preferably both, and/or at least one of the body portions, preferably both, of the elongate 
elemertts of the device are made of a materia other than a shape memory alby. 

14. A device as daimed in daim 11 , In which said actuating means is fornied from 
a material dher than a shspe memory aBoy. 

15. A device as daimed in daim 12 or daim 14. in which at least one of the end 
portions, preferably both, and/or at least one of the body portions, preferably both, of the 
elongate elements of the. device are made of a shape memory alfoy. 

16. A device as dalnied in any preceding daim, which further comprises a cutting 
edge of a material other than a shape memory afloy, preferatdy stainless steel, preferably said 
cutting edge extends beyond the end portion of at least one of the elements. 
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17. A device as claimed in any preceding daim. in which the erKi portions of the 
elements are [xmtalfy connected to one another towards their free ends. 

18. A device as claimed in any preceding claim, which includes a flexible 
component that extends t>etween the end portions of the elements so as, together with the 
end portions of the elements, to form a closed loop. 

19. A device as claimed in any preceding claim, in which the tx)dy portions of the 
elements are attached to one another. 

20. A device as claimed In ar^ preceding dalm. In which at least the end portions 
of the elements are readily removable from the device. 

21 . A method of grasping or cutting an object, which comprises: 
i. provkjing a device as dalmed In any preceding claim; 

n. positionirg the object between the splayed apart end portions of the 
elements; and 

iO. causing said end portions to move toward one another so as to grasp or cut 
said object. 

22. A method of cutting an object, which comprises: 

L providng a device as claimed In daim 6, cHaam 7 or claim 8; 

0. positioning the object between the splayed apart end portions of the 
elements; and 

iii. mo\^ng the hollow component and the elements longitudinally relative to one 
another such that the end portions are received at least partially within the 
component, causing the object to be cut as the end portions of the elements 
are defomted inwardly towards one another by the component 
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23 . A method as claimed in daim 22 in which the device and the dDject are 
brought together while the end portions of the elements are positioned at least partially within 
the hollow component, and which includes the step of moving the holtow component and the 
elements tongitudinaliy relative to one another, so that the end portions extend from the end 
of the hoDow conrponent. 

24. A method as claimed in d^m 21, daim 22 or daim 23. in which the objed is a 
part of a human or arumal body. 

25 . A method as daimed in daim 24 in which the objed is an internal part of the 
body, and the method includes the step of positioning at least the end portions of the 
elements within the body. 
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